reported to be 8 times higher. 8 The odds of chronic medical conditions are increased by up to 4 times in US prisons. 9 As prison populations are drawn from socioeconomically deprived backgrounds with reduced access to health care and health-seeking behavior when living in the community, 10 prison provides an opportunity to provide public health interventions including health education and improving engagement with health services following release. 11 For example, targeted health interventions such as medication review 12 and HIV health education 13, 14 have been proposed.
The health of prisoners following release from prison is less understood. At the end of 2009 in the United States, 819 308 prisoners were on parole or release following a prison term, 15 and in England and Wales 20 895 offenders were released from prison in the first quarter of 2011. 16 Despite these high absolute numbers, research has demonstrated that most sampled US jails did not plan for release of prisoners with mental illness, cardiovascular disease, or HIV/AIDS even though they considered it important. 17 Mortality from suicide and drug-related causes has been reported to be particularly high in the immediate postrelease period, 18, 19 and, thus, public health interventions to target this period for those with a history of substance misuse have been outlined. 20 The current review aims to synthesize evidence on mortality rates following release from prison and examine possible demographic and methodological factors associated with variation in these rates.
METHODS
We searched 5 computer-based literature indexes-Medline, EMBASE, PsycINFO, the US National Criminal Justice Reference Service, and SIGLE (the latter 2 for gray literature)-from January 1980 through January 2011. We scanned bibliographies of relevant studies. We used combinations of keywords relating to prisoners (prison*, incarce*, felon*, detain*, jail*, penal*, custod*, offend*), mortality (death, mortal*, suicid*, overdose, toxic*, homic*), and release (releas*, former, ex) within the title or abstract. There were no language restrictions. Two trainee psychiatrists independently extracted data (J. Z. and A. Topiwala) and the project supervisor (S. F.) resolved any discrepancies.
Inclusion criteria for studies were (1) sample of prisoners released from prison within a specified date range, (2) linkage of prisoner and mortality databases, (3) data reporting overall or cause-specific (drug-related, suicide, and homicide) deaths or mortality rates in the postrelease period for the whole sample, or a subset selected according to age, gender, or race/ethnicity. We excluded studies if samples were selected by a variable (e.g., substance misuse) other than age, gender, ethnicity, or geographical area.
We extracted data on geographical location, period of recruitment, period of follow-up, mortality and prison databases, numbers of prisoners and releases, total time at risk following release (person-years), and basic demographic statistics (age, gender, and race/ ethnicity). We extracted outcome data on number of deaths overall, and for suicide, homicide, and drug-related causes. If studies reported various definitions of drug-related Objectives. We systematically reviewed studies of mortality following release from prison and examined possible demographic and methodological factors associated with variation in mortality rates.
Methods. We searched 5 computer-based literature indexes to conduct a systematic review of studies that reported all-cause, drug-related, suicide, and homicide deaths of released prisoners. We extracted and meta-analyzed crude death rates and standardized mortality ratios by age, gender, and race/ ethnicity, where reported.
Results. Eighteen cohorts met review criteria reporting 26 163 deaths with substantial heterogeneity in rates. The all-cause crude death rates ranged from 720 to 2054 per 100 000 person-years. Male all-cause standardized mortality ratios ranged from 1.0 to 9.4 and female standardized mortality ratios from 2.6 to 41.3. There were higher standardized mortality ratios in White, female, and younger prisoners.
Conclusions. Released prisoners are at increased risk for death following release from prison, particularly in the early period. Aftercare planning for released prisoners could potentially have a large public health impact, and further work is needed to determine whether certain groups should be targeted as part of strategies to reduce mortality. (Am J Public Health. 2012;102:e67-e75. doi:10.2105/AJPH.2012.300764) deaths, we extracted all data. We extracted crude death rates (CDRs) and standardized mortality ratios (SMRs) by age bands, gender, and ethnicity where reported.
We calculated CDRs for all-cause deaths, suicides, drug-related deaths, and homicides if not reported directly by using number of deaths (N d ) and person-years at risk (PY total ):
We contacted all authors to request total person-years at risk following release from prison if data were not reported in the original study. We calculated person-years at risk according to a stepped protocol if not reported:
where N p = number of prisoners released and PY med = median period of prisoner follow-up.
We calculated total years at risk by summing PY total for subpopulations in each study, e.g., male and female 21 or White and Black. 22 We calculated standard errors (SEs) of CDRs from the standard formula for SE of a proportion or rate 23 :
where p = CDR and n = PY total. Assuming that p is small and therefore (1-p)%1, we derived the following formula:
The 95% confidence intervals (95% CIs) of CDR, assuming a normal distribution, which is reasonable given a large PY total :
The SMR is defined as the ratio of observed deaths in the studied sample (i.e., released prisoners or prisoner subgroups) relative to the number of expected deaths in that sample as given by a larger reference population mortality rate (i.e., the general population) 24 
:
ð7Þ SMR ¼ O=E where O = number of observed deaths and E = number of expected deaths.
We calculated SMR from data provided if not stated in the study. We calculated the expected number of deaths from the reference population stated in the original study. We calculated 95% CIs for SMR with the following formula if not reported 23 :
We performed random-effects meta-analyses on CDR and SMR data to calculate pooled estimates for all-cause deaths, drug-related deaths, suicide, and homicide, using the metan command (Stata version 10, StataCorp LP, College Station, TX). We assessed heterogeneity by using I 2 , which reports the heterogeneity between studies as a percentage with 100% being the highest. 25 If SMR for a particular cause was only reported by subgroup (e.g., ethnicity), we reported rates for the largest subgroup by number of prisoners. We excluded studies reporting fewer than 20 overall deaths or with follow-up less than 6 months from meta-analysis. We performed meta-analyses of SMR by gender (overall male deaths and overall female deaths) and race/ethnicity (overall White, nonBlack, or non-Aboriginal deaths and overall Black or Aboriginal deaths). We did not perform meta-analysis of SMR by age bands because of inconsistencies in age bands.
RESULTS
The final sample consisted of 18 independent cohorts of released prisoners reporting on more than 400 000 prisoners. 19,21,22,26---46 We excluded 7 cohorts because they reported on a selected sample of released prisoners with a history of substance misuse. 47---53 We excluded a further 5 cohorts as they were selected samples of convicts, parolees, or delinquents who may not have had a history of incarceration. 54---58 The majority of prisoners were incarcerated in the United States, a significant minority were from Australia and United Kingdom, and a small number were from France, Finland, the Netherlands, and Switzerland (Table A , available as a supplement to the online version of this article at http://www. ajph.org). Eleven studies reported average age, 22, 28, 31, 33, 34, 35, 37, 38, 42, 44, 46 but this was not uniform with some studies reporting age at study entry and others age at release (Table B, available as a supplement to the online version of this article at http://www.ajph.org). Most publications were on mainly male populations (Table A) . Average follow-up ranged from 0.2 to 25 years (Table A) . 22, 26, 28, 31, 33, 34, 36, 44, 46 Studies used a variety of sources to collect information on prisoners and deaths including local prison records, coroners' records, and regional and national databases (supplemental Table A ).
Mortality Statistics
Thirteen cohorts reported all deaths, 21 45 for women ( Figure 2 ). Heterogeneity was high between estimates (I 2 > 95%). Only 1 of the studies had a sample for which the overall SMR 95% CI included 1.0, a sample of Black prisoners in North Carolina. 22 All other groups had overall SMRs that were higher than the matched population, except older age groups, who had SMRs below zero. 22, 42 There were lower SMRs in male; non-White, Black, or Aboriginal; and older groups ( Figure 2 and Table 2 ). Confidence intervals for male and female prisoners did not overlap except for Aboriginals in one study and a study of young offenders. 34, 44 All studies reported lower (Table 2) .
Heterogeneity between SMR estimates was high, so we did not report pooled estimates. All studies that reported all-cause SMR by age groups showed higher SMR for younger age groups (Table 2 ) with the highest all-cause SMR for a cohort of young offenders (aged 10---20 years at entry). 33 
Cause-Specific Crude Death Rates and Standardized Mortality Ratios
Drug-related CDRs for 10 studies ranged from 29 42 to 537 21 per 100 000 person-years ( (Table 1 ). There was substantial heterogeneity among studies for cause-specific CDR; therefore, we did not report pooled estimates.
There was variability in drug-related SMRs with male or combined ratios ranging from 4.1 to 26.0 and substantially higher results in females (Table 2) . 21, 22, 28, 31, 33, 34, 42 One outlier with a small sample reported SMRs of more than 100 for drug-related deaths. 35 The highest male drug-related SMR occurred in Australian young offenders. 33 There was a smaller range of SMRs for suicide from 2.6 to 13.5 with higher ratios in Australian 28,33,34,43 and European 32, 46 cohorts than American ones 22, 31 (Table 2 ).
Suicide SMRs were higher for women. The highest overall suicide SMR, 13.5, was in a study considering suicide deaths exclusively in England and Wales. 32 The ratios for homicides were reported by 4 studies and ranged from 2.8 to 10.4 (Table 2) . 22, 28, 31, 42 One study that did not report cause-specific SMR reported that 95.5% deaths were attributed to homicide, 44 this being highly uncharacteristic with 9 other studies reporting the percentage of homicide deaths in the range of 2% to 12% (Table 1) . Heterogeneity was high among studies; therefore, we did not report pooled estimates.
DISCUSSION
We systematically reviewed studies reporting on mortality following release from prison, with a focus on suicide, homicide, and drug-related deaths. We identified 18 cohorts with information on more than 400 000 released prisoners resulting in 26 163 deaths. Approximately 18% of deaths were attributed to drug-related causes, 8% to suicide, and 9% to homicide. The all-cause pooled CDR was 
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850 deaths per 100 000 person-years of follow-up, and the all-cause male SMRs ranged from 1.0 to 9.4. We did not report pooled SMRs because of high heterogeneity. Higher SMRs were reported for younger, female, and White prisoners in studies reporting on allcause mortality. We found evidence that mortality was increased relative to matched general populations in younger, female, and White or nonAboriginal populations. This is consistent with studies that used regression models to investigate subgroups 29, 31 or examined subgroups within the cohort. 22, 33, 42 The finding of higher SMRs in White or non-Aboriginal prisoners may reflect decreased mortality in the different reference populations, such as White people compared with Black people. 22, 44 Nevertheless, these findings suggest that some populations could be prioritized with public health interventions as part of any national strategy to reduce premature mortality in released prisoners.
Differences in Individual Study Setting and Methodology
Estimates of ex-prisoner mortality varied considerably among studies. Some of this variability may have been associated with differences in study design. For example, if prisoner numbers were included in the denominator for calculating general population mortality, the SMR may be raised. Some studies subtracted periods of subsequent imprisonment when calculating time at risk 28,31,36,42,43 potentially leading to higher estimates of crude mortality compared with studies that did not report doing so. 21,22,26,32---34,39 We used indirect standardization to calculate SMR as defined in the Methods section, which involved calculating expected prisoner deaths by using a matched reference population. Methods of matching populations varied among studies (Table A, available as a supplement to the online version of this article at http://www.ajph.org).
In addition, the choice of databases used to estimate deaths would likely have had an effect on crude mortality rates. For example, regional and national mortality databases may underestimate prisoner mortality if released prisoners are relatively more mobile upon release and deaths occur outside the jurisdiction. Most of the studies reporting mortality ratios used the same geographic areas for prisoner and population deaths (supplemental Table A ).
There was variation in the definitions for drug-related deaths that may explain some of the differences in drug-related SMRs. Some studies had broad definitions including deaths from "drug psychoses," "drug dependency," "accidental poisoning," transport accidents, and drug-related suicides, 21 whereas others had narrower definitions, only considering "accidental poisoning" as overdose, 31, 42 whereas some used terms such as "drug toxicity" 43 and Spaulding et al. 42 Teplin et al. 44 Rosen et al. 22 Kariminia et al. 19 CDR/100 000 Person-Years
Note. CI = confidence interval; CDR = crude death rate; ES = effect size. Weights are from random effects analysis. For the overall rates, I 2 = 76.6% (P < .001). Binswanger et al. 31 Coffey et al. 33, 45 Farrell and Marsden 21 Graham 43 Kariminia et al. 19, 28, 29 Spaulding et al. 42 Stewart et al. 34, 41 Teplin et al. All-Cause SMRs a Binswanger et al. 31 Coffey et al. 33, 45 Farrell and Marsden 21 Graham 43 Kariminia et al. 19, 28, 29 Spaulding et al. 42 Stewart et al. 34, 41 Teplin et al. sample size; total time at risk; reporting period; and changes in prison and population death rates over time could all have an effect on reported death rates and ratios. Over 5 years of postrelease follow-up, CDR was found to fall by a factor of 3 (homicide) to 1.5 (suicide) from year 1 to year 5 in one study. 22 All-cause SMR in another cohort decreased significantly between 1988 and 2002 because of a decrease in drug-related and suicide deaths. 28 The strength of matching algorithms between prisoner and mortality databases could also affect reported death rates. 60 In our review, publication bias was not tested but it seems unlikely that reporting would be biased depending on particular crude death rates, although underreporting of samples without significantly raised SMRs is a possibility. We judged metaregression not to be appropriate because of the small number of studies.
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The
Context of Released Prisoner Mortality
This is the first study to have synthesized data from a systematic review of prisoner mortality over the longer term, and examined the data for basic demographic trends as expressed by SMR. A previous meta-analysis examined deaths in the first 12 weeks following release. 18 It found that 59% of deaths were drug-related in this period. Given that our review found that 18% of deaths were drugrelated in the longer-term, this suggests that targeting drug-related deaths in the transition from prison to community could have a substantial effect in reducing mortality. The transition into the community is also a high-risk period for suicide 19 ; however, in the longer term, other causes of mortality may present a greater burden.
The results of this review suggest that the SMRs for released prisoners are comparable to those of other high-risk populations. The SMRs reported in this review are similar to those of English community offenders, 40 Dutch convicts, 57 and a study of US homeless people, 62 but lower than that for opioid-dependent individuals. 63 In relation to population impact, the reviewed studies did not examine this, but we calculated that around 2% of deaths in individuals aged 15 to 44 years in Washington State between 1999 and 2003 could be attributed to released prisoners. 31, 64 Offenders, 
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patients with substance misuse and mental illness, and socioeconomically deprived populations are likely to overlap and the contribution of various factors to increased mortality is currently unclear.
The Importance of Mental Illness
Prisoners have been found to have high rates of mental health problems compared with the general population, 65 and this may explain higher mortality rates. The SMR for patients with schizophrenia is between 2 and 3. 66 However, only 3 of the studies in the current review reported data on psychiatric comorbidity: 8% of prisoners were reported to have a serious mental health problem in one of the reports, 31 5% of prisoners had been admitted to a prison psychiatric hospital in another study, 28 and 21% had a psychiatric history in a further investigation. 37 In keeping with this, higher SMRs are reported in mentally disordered offender populations. The SMRs following release from secure hospitals in England were 6 overall and 32 for suicide, 67 and 23 for men and 43 for women for suicide in a similar investigation. 68 As the cumulative use of antipsychotic drugs may be protective for premature mortality in patients with schizophrenia, 69 decreased use of medication for prisoners with mental illness 70 in prison may contribute to increased mortality. Some standardization of approaches may be helpful for future research. Future studies should attempt to subtract prisoner deaths and populations when calculating SMRs and attempt to control for subsequent periods of imprisonment when calculating time-at-risk. Deaths should be classified according to the most recent ICD criteria. 59 Drug-related death rates should be reported according to individual ICD categories. Ethnicity data may be difficult to compare internationally; however, age bands could be reported according to those used by the World Health Organization for mortality data. 71 The impact of prisoner status (pretrial or remand or sentenced), socioeconomic factors, probation and transition programs, mental and physical health, previous incarceration and offending history, and length of incarceration needs further examination.
Limitations
The main limitation was the variation in the design of the original studies included in the review, and, hence, the high heterogeneity of reported death rates. Therefore, we investigated heterogeneity carefully and, despite it, found some interesting trends. Given the heterogeneity and that CDR is not adjusted by age for the demographic structure of the population, the pooled estimate of CDR must be interpreted with caution.
All of the studies reported on North American, European, and Australian cohorts. As the majority of the world's prison population lies outside these jurisdictions, further work on ex-prisoner populations in other countries is necessary.
Conclusions
We have systematically reviewed research examining the mortality of released prisoners, and found that released prisoners are at substantially increased risk of death from all causes, and from drugs, suicide, and homicide in particular. In addition, we found some evidence that younger, female, and White populations are at increased risk of death compared with their matched general population controls. Further work needs to examine the contribution of mental and physical illness, treatment, and provision of aftercare services on postrelease mortality. j 
